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ABSTRACT
Herbal medicine, including moringa (Moringa oleifera), is widely used as dietary supplementation to enhance
growth performance and increase disease resistance in aquaculture. This study aimed to investigate the
effects of supplementing moringa leaves on growth performance, hematology and disease resistance of
nile tilapia (Oreochromis niloticus) against Aeromonas hydrophila. Fish (38.05 ± 0.83 g) were fed with a commercial
feed supplemented by moringa leaves at 0%, 15%, 20%, and 25%, ad libitum, twice a day for eight weeks.
Results revealed that 15% moringa leaves supplemented diet gave the highest weight gain, while the
specific growth rate was statistically significantly different (p<0.05) among the treatments. Fish fed with
25% supplementation had the highest total red blood cell count and total white blood cell count. All
experimental groups had higher values of red blood cells and white blood cells than the control group. The
challenge test with A. hydrophila showed that the fish fed with the 25% moringa leaves supplementation diet
had the highest relative percentage survival rate. There were no significant differences among the treatment
groups. However, the treatment groups had a statistically significant difference with the control group
(p<0.05). Results of the present study indicated that supplementation of 15% moringa leaves in diet gave
optimal growth performance, while supplementation of 25% moringa leaves in the diet showed the best
results in terms of the health of nile tilapia. Moringa leaves supplemented in nile tilapia diet enhanced
growth performance and increased disease resistance against A. hydrophila.
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INTRODUCTION
Aquaculture is conducted to increase aquatic ani-
mal supply as the source of essential protein and mi-
cronutrients for human consumption. In 2018, global
aquaculture production was 114.5 million tons live
weight, with a value of USD 263.6 billion. Total pro-
duction consisted of 82.1 million tons of aquatic ani-
mals, dominated by finfish (54.3 million tons). Be-
tween 2001-2018, the global aquaculture production
of farmed aquatic animals grew at an average of 5.3%
per annum (FAO, 2020).
Nile tilapia (Oreochromis niloticus) is extensively cul-
tured worldwide, particularly in Asia, Africa, and the
United States. Nile tilapia is one of the most impor-
tant fish in Thai freshwater aquaculture. In 2019, the
total freshwater aquaculture production in Thailand
was 427,330 tons; worth 25,977.04 million baht. Nile
tilapia comprised the highest production volume at
228,982 tons as 53.58% of the total production, val-
ued at 11,434.46 million baht (Department of Fisher-
ies, 2021). Tilapia fish farming has rapidly expanded
throughout the country. Demand for tilapia feed has
also continuously increased due to the wide adop-
tion of intensive aquaculture systems, associated
with higher stocking density to give higher produc-
tion per unit area. Over the past three decades,
fishmeal prices have also steadily increased with de-
mand, negatively affecting commercial aquaculture
profitability. In response to the limited production
of fishmeal and the rising price trend, many studies
have been conducted to find alternative sources of
animal and plant protein for aquaculture. The poten-
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tial of plant-based protein replacement is high and
will probably become the primary substitute of
fishmeal in aquaculture feed (Olsen & Hasan, 2012).
The rapid intensified expansion of aquaculture has
also induced negative consequences, including poor
growth, poor health, and increased susceptibility to
disease, leading to death in extreme cases. Fish farm-
ers are facing difficulties in converting biological gain
into economic benefits. Chemotherapeutic agents and
antibiotics have been used to maintain the health of
farmed fish. However, this approach is profit-driven
and unsustainable, causing many other knock-on ef-
fects such as fish pathogen drug resistance, immu-
nosuppression, and accumulation of chemical resi-
dues that impact environmental pollution and public
health (Bulfon et al., 2013). Therefore, economical,
environmentally friendly and sustainable methods are
urgently required to improve aquaculture production.
Recently, the immune-stimulating function of medici-
nal herbs has attracted interest in aquaculture, with
herbal additives used as growth promoters, stress
resistance boosters and preventatives of infections
in fish. Moreover, herbal treatment is cost-effective
and eco-friendly, with minimal side effects. Medici-
nal herbal extracts to improve aquaculture produc-
tion show high potential as an alternative to chemi-
cal agents.
Moringa (Moringa oleifera) is native to Northeast-
ern India and grows in tropical and subtropical re-
gions. Moringa has long been used in traditional
medicine. The plant has high nutritional value, and
every part can be used for either nutritional or com-
mercial purposes. Moringa leaves are rich in crude
protein, with content varying from 25% to 32%. Min-
erals, vitamins, fiber, fat, proteins, and other essen-
tial phytochemicals were found at high levels in the
leaves (Jung, 2014). Moringa leaves supplemented in
fish diets improved growth promoters and
immunostimulants and reduced disease in nile tilapia
(O. niloticus) (Sherif et al., 2014; El-Gawad et al., 2020),
Mozambique tilapia (O. mossambicus) (Mbokane &
Moyo, 2018), African catfish (Clarias gariepinus)
(Ozovehe, 2013), common carp (Cyprinus carpio) (Khalil
& Korni, 2017), Bocourti’s catfish (Pangasius bocourti)
(Puycha et al., 2017), and Indian major carp (Labeo
rohita) (Hussain et al., 2018). Here, the study aimed
to determine the effects of moringa leaves on growth
performance, hematology and disease resistance
against A. hydrophila in nile tilapia.
MATERIALS AND METHODS
Experimental Diet Preparation
Fresh moringa leaves were collected from Nong
Khai Province, Thailand. The leaves were washed with
distilled water and oven-dried at 60°C for three days.
The dried leaves were then ground into a fine pow-
der and mixed with a commercial diet for nile tilapia
containing 35% crude protein at different levels of
moringa as follows: 0% (control), 15%, 20%, and 25%
using Alpha Star as a food binder. The experimental
diets were stored at 4°C and freshly prepared every
week. Proximate and chemical compositions of
moringa leaves are shown in Table 1 (Chatepa &
Mbewe, 2018).
Experimental Fish
Nile tilapia with an initial weight of 38.05 ± 0.83
g were obtained from the hatchery of aquatic ani-
mals production technology program, Khon Kaen
University, Nong Khai Campus, Nong Khai Province.
The fish were acclimatized in laboratory conditions
for one week before starting the feeding trials. At
the beginning of the experiment, 12 aquaria contain-
ers (0.45 m x 0.90 m x 0.45 m, water volume 150
liters) were each stocked with 17 fish. Each experi-
mental diet was fed to fish in three aquaria. Half of
the water volume in all of the experimental aquaria
was changed daily. The fish were fed with the diet of
moringa leaves twice daily at 09:00 and 15:00 for eight
weeks ad libitum.
Growth Performance
At the end of the feeding trials, all fish were indi-
vidually weighed. The growth parameters were cal-
culated:
where: WG= weight gain
Wi = initial mean weight (g)
Wf = final mean weight (g)
Source: Chatepa & Mbewe (2018)
Parameter Value
Dry matter 93.78 ± 0.07
crude protein 22.60 ± 0.17
crude fibre 8.07 ± 0.17
Crude fat 13.40 ± 025
Ash 11.24 ± 0.15
Carbohydrate 44.69 ± 0.41
Gross energy (Mcal/kg DM) 3.8 ± 0.0
Metabolisable energy (Mcal/kg DM) 3.3 ± 0.0
Fatty acids (g/kg DM) 107.2 ± 2.0
pH 6.35 ± 0.0
Titratable acidity (g/100 g oleic acid) 3.8 ± 0.0
Phosphorus (mg/100 g DM) 427.6 ± 33.9
Proximate composition (%)
Chemical composition (%)
Table 1. Proximate and chemical composition of
moringa leaves
 WiWfWG 
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where: ADG = average daily weight gain
Wi = initial mean weight (g)
Wf = final mean weight (g)
where: SGR = specific growth rate
Wi = initial mean weight (g)
Wf = final mean weight (g)
where: SGR = specific growth rate
Nf = final number of fish
Ni = initial number of fish
Hematological Analysis
After final weighing, three fish from each group
were randomly anesthetized at the end of the growth
trial. Blood was collected from the caudal vein using
a 1 mL sterile syringe coated with an anticoagulant.
Hematological variables measured were red blood cell
count and white blood cell count using a hemocy-
tometer according to (Blaxhall & Daisley, 1973).
Challenge Experiments
After eight weeks, 10 fish from each group were
randomly collected and challenged by an intraperito-
neal injection of 0.2 mL of Aeromonas hydrophila cul-
ture containing 0.3 CFU.mL -1 according to
Schaperclaus et al. (1992) as the lethal dose for tila-
pia. The injected fish were kept under observation
for 10 days to record the mortality rate (MR) per-
centage calculated as:
The relative percent survival (RPS) was calculated
in terms of vaccine efficacy according to Ellis (1988).
Statistical Analysis
Data from each treatment were subjected to one-
way analyses of variance (ANOVA) using SPSS for Win-
dows version 17.0 (SPSS Inc., Chicago, U.S.A.). Means
were compared after analysis of variance by Duncan’s
New Multiple Range Test (p= 0.05). The significance
level was chosen at p0.05, with results presented
as mean ± standard deviation.
Ethics Statement
All study methods and experimental procedures
were conducted following the guidelines and regula-
tions reviewed and approved by the Institutional Ani-
mal Care and Use Committee of Khon Kaen Univer-
sity, based on the Ethics of Animal Experimentation
of the National Research Council of Thailand (Refer-
ence No. 0201.2.11/13).
RESULTS AND DISCUSSION
The effects of moringa leaves as a dietary supple-
ment on growth performance, hematology, and
disease resistance against A. hydrophila in nile tilapia
were investigated. Many herbs have been used as
dietary supplements to investigate antimicrobial ac-
tivity against fish pathogenic bacteria, including mul-
berry (Morus alba Linn.) (Bag et al., 2012; Mapanao et
al., 2019), Sirindhorn-vallee (Bauhinia sirindhorniae)
(Nithikulworawong, 2012), and ginger (Zingiber
officinale) (Negm et al., 2016). Moringa leaves are well-
known for their bactericidal potential (Ijarotimi et al.,
2013); however, scant information is available on the
antimicrobial activity of  moringa against fish patho-
gens.
Effect of Supplementing Diet with Moringa
Leaves on Growth Performance
The growth performances of nile tilapia fed with
the artificial feed containing moringa leaves at 0% (con-
trol), 15%, 20%, and 25% for eight weeks are shown in
Table 2. The highest weight gain (WG), average daily
weight gain (ADG), and specific growth rate (SGR)
were found in fish groups fed with the diets contain-
ing 15% moringa leaves at 64.51 g, 1.08 gd-1, and 1.66%
d-1, respectively with statistically significant differ-
ences between the treatments (p<0.05). The fish
groups fed with the feed containing moringa leaves
at 15% had the highest survival rate of 98.04 ± 3.40%,
with no statistical differences among the treatments
(p>0.05).
The results indicated an optimal growth perfor-
mance of nile tilapia in fish groups fed with the arti-
ficial feeds containing moringa leaves at 15%, with
no significant statistical difference from the control
group. This result indicated that moringa leaves at
15% in the artificial feeds did not affect the growth
performance of nile tilapia, while this dosage was
within acceptable limits. These findings concurred
with Hussain et al. (2018) found no effect of 30% and
40% levels of moringa leaves as fishmeal replacement
on the growth performance of Indian major carp (Labeo
100 x 
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rohita) fingerlings. Moringa leaves substituted
fishmeal at up to 15% without any adverse effects on
growth and feed efficiency in African catfish (Clarias
gariepinus) fingerling diets by Idowua et al. (2017).
Other studies also showed no significant effect of
moringa leaves incorporated in the diets of nile tila-
pia at 1.5% and 5% (El-Gawad et al., 2020) and 5%, 10%,
and 15% (Yuangsoi & Charoenwattanasak, 2011). Ad-
ditionally, dietary supplements of moringa leaves at
3%, 6%, 9%, and 12% in Mozambique tilapia (Oreochromis
mossambicus) (Mbokane & Moyo, 2018) and 15% in
redtail mystus (Hemibagrus wyckioides) recorded no
significant differences in growth efficiency
(Phommanivong & Doolchidachabaporn, 2013). How-
ever, dietary incorporation of 10 g of moringa leaves/
kg feed and 20 mL of moringa leaves aqueous ex-
tract/kg feed increased the final weight and specific
growth rate of common carp (Cyprinus carpio) finger-
lings (Khalil & Korni, 2017).
On the other hand, fish fed moringa leaves added
to the artificial diet at more than 15% (20% and 25%)
showed decreased WG, ADG, and SGR. This finding
concurred with other studies conducted on nile tila-
pia fed with dietary moringa leaves at 20% and 25%
(Sherif et al., 2014). Fancy carp (C. carpio) fed with
protein-replacing moringa leaves at 500 g kg -1
(Yuangsoi & Masumoto, 2012) also exhibited a de-
crease in growth efficiency. In another study, the
growth performance of Bocourti’s catfish (Pangasius
bocourti) decreased significantly (p<0.05) when
moringa leaves content was increased in their diet
(Puycha et al., 2017). The reduced growth was caused
by saponins and other antinutritional in moringa, af-
fecting feed palatability (Madalla et al., 2013). The
antinutritional factors are detrimental to fish health
at high dosages, which interfere with digestive en-
zymes and reduce the availability of nutrients (Makkar
et al., 2007). Amounts of condensed tannin in the
diet at more than 2% also caused less feed accep-
tance by the animals and reduced growth. At the same
time, low digestible plant material inhibited the use
of other nutrients in fish diets (Dongmeza et al.,
2010). The saponin has a negative effect on the bio-
logical membranes that act as a surface-active com-
ponent, leading to the intestinal mucosal cells per-
meability increasing and affecting active nutrients
transportation. Moreover, phytate reduces the min-
erals bioavailability and the protein digestibility
through phytic acid–protein complexes, which re-
strain the nutrient absorption (Hlophe & Moyo, 2014).
Effect of Supplementing Diets with Moringa
Leaves on Hematological Parameters
Hematological parameters of moringa leaves con-
tained in artificial feeds at 0%, 15%, 20%, and 25% for
nile tilapia for eight weeks are shown in Table 3. Re-
sults showed that the number of red and white blood
cells in the experimental groups increased. The fish
group fed with 25% moringa leaves artificial feed had
the highest red blood cell count of 5.09 x 06 ± 0.55 x
106 cell.µL-1, with no statistically significant differences
between the different groups. White blood cell counts
were not significantly different among fish fed with
artificial feeds ranging from 6.09 ± 2.96 to 7.83 ±
2.76 x 103cell.µL-1. The fish group fed moringa leaves
artificial feed at 25% had the highest white blood cell
count. Fish in all experimental groups had higher white
blood cell counts than fish in the control group.
Many factors including species, size, age, physi-
ological status, environmental conditions, dietary
regime, quality, and quantity of diet were reported
Table 2. Growth performance of nile tilapia fed with the experimental feed for 8 weeks (Mean±SD)
Note: Means within the same row with different, lowercase, superscript letters are signiûcantly different (p<0.05)
Table 3. Hematological parameters of nile tilapia fed
with experimental feeds (Mean ± SD)






0 3.82 ± 1.98 6.09 ± 2.96
15 4.36 ± 1.03 6.17 ± 7.63
20 4.78 ± 0.19 7.08 ± 1.76
25 5.09 ± 0.55 7.83 ± 2.76
P-value 0.588 0.750
0 15 20 25
Weight gain (g) 59.80 ± 1.13a 64.51 ± 7.11a 48.56 ± 4.10b 41.05 ± 5.95b 0.002
Average daily weight gain (g.fish-1.d-1) 1.00 ± 0.02a 1.08 ± 0.12a 0.81 ± 0.07b 0.68 ± 0.10b 0.002
Specific growth rate (%.d-1) 1.57 ± 0.03ab 1.66 ± 0.13a 1.37 ± 0.09bc 1.21 ± 0.15c 0.004
Survival rate (%) 96.08 ± 3.40 98.04 ± 3.40 94.12 ± 0.00 92.16 ± 3.40 0.163
Moringa leaves of different levels in artificial feeds (%)Growth
performance
P-value
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to affect fish hematological parameters. Normal val-
ues of these parameters relate to dietary ingredi-
ents, protein sources, vitamins, and probiotics. The
study of hematological values is also useful for physi-
ological examination of changes in fish health or de-
termining the state of health. Complete blood cell
count (CBC) is an important and effective diagnostic
tool that can be used to monitor fish health status in
response to changes in nutrition, water quality, and
disease therapy (Fazio, 2019). Hematological test
results included red blood cell (RBC) and white blood
cell (WBC) counts. Values of RBC and WBC were higher
than those found in tilapia by Martins et al. (2008)
and Sayed & Moneeb (2015) in normal conditions. In
this study, RBC and WBC counts in fish fed with
moringa leaves-supplemented diets increased as the
amount of moringa leaves in the diet increased. The
increase of RBC and WBC indicated that the health of
nile tilapia improved with the dietary addition of
moringa leaves. These results were identical to re-
search conducted on Mozambique tilapia by Mbokane
& Moya (2018) that showed an increase in WBC and
RBC of fish fed with the highest dosages of moringa
leaves. Likewise, African catfish fed with 10% to 50%
moringa leaves as fish meal substitution in diets
showed an increase in WBC count (Ozovehe, 2013).
An increase in WBC count is often associated with
microbial infection or the presence of foreign bod-
ies or antigens in the circulatory system (Oyawoye &
Ogunkunle, 1998). These results contrasted with
Ozovehe (2013), who recorded a decrease in RBC
count of African catfish fed on moringa leaves as fish
meal substitution in diets and considered this de-
crease to be associated with higher antimetabolite
concentrations, especially tannin in moringa leaves.
Sherif et al. (2014) found that nile tilapia fed 10% to
15% and 25% to 30% moringa leaves in diets showed a
significant increase and decrease in WBC counts, re-
spectively. This difference suggested that the results
depended on many factors, including fish species, fish
size, fish physiological status, dose, and duration of
supplementation. Although both RBC and WBC val-
ues of all treatments were not statistically different,
they were higher than the control group. This sug-
gested that moringa leaves had rich nutritional prop-
erties, especially polysaccharides, essential vitamins
and nonessential amino acids, which are required to
synthesize hemoglobin (Latona et al., 2012). Hemato-
poietic index improvement might be caused by the
ability of moringa leaves to stimulate erythropoie-
sis. It increases oxygen transport capability and
strengthens the fish’s defense mechanisms against
physiological stress (Gabriel, 2019). Therefore, supple-
menting artificial feeds with moringa leaves promoted
the health of nile tilapia.
Effect of Supplementing Artificial Feed with
Moringa Leaves on Disease Resistance Against
Aeromonas hydrophila
After the challenge test, the lowest mortality rate
was found in fish fed with moringa leaves in artificial
feed at 25%, with an average of 43.33 ± 5.77% (Table
4). There were no statistically significant differences
between the treatments, but all showed statistically
significant differences with the control (p<0.05). Fish
fed with artificial feed containing moringa leaves at
25% also showed the highest relative percent survival
(RPS) at 51%. There were no statistically significant
differences between the treatments, but all showed
statistically significant differences with the control
(p<0.05). The control group progressed to clinical
disease and died 24 hours after the challenge, while
fish fed on moringa leaves artificial feed at 15%, 20%,
and 25% began to die after 48, 72, and 96 hours, re-
spectively (Figure 1).
Results of the challenge test with A. hydrophila
showed that the mortality rate was lowest (43.33%)
in the fish group fed with feed containing 25%
moringa leaves, followed by those fed with 20%
(56.67% mortality) and 15% (63.33% mortality) moringa
leaves-supplemented diets compared with the con-
trol. The mortality rate parameter in moringa leaves
treatments showed lower values than the control
group. Fish groups fed with artificial feed containing
25% of moringa leaves showed the highest surviv-
ability, followed by fish groups fed with artificial feed
containing 15% and 10% of moringa leaves. Moreover,
the relative percent of survival (RPS), as one of the
most visually observed parameters of immune evalu-
ation in the challenge test, was higher in all fish
groups fed with artificial feed containing moringa
leaves than in the control group. The observed in-
crease in RPS against A. hydrophila indicated that in-
corporating moringa leaves in the diet helped nile
Level of moringa
leaves in diet (%)
Mortality rate
(%)
0 86.67 ± 15.28a
15 63.33 ± 15.28ab
20 56.67 ± 11.55b
25 43.33 ± 5.77b
P-value 0.017
Table 4. Mortality rate of nile tilapia after A.
hydrophila  injection for 10 days
(mean ± SD)
Note: Within the same column with different, lowercase,
superscript letters are signiûcantly different (p<0.05)
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tilapia resist bacterial invasion through
immunomodulatory activity and improved resistance
against pathogens compared to the control group.
The increase in WBC indicates an increase in the im-
mune status and the suppression of infection in these
groups. Ayoola (2011) noted that lymphocytes are the
most numerous cells comprising the leucocytes,
which function in the antibodies production, and
chemical substances act as a defense against infec-
tion. This finding suggests that moringa leaves may
boost many humoral factors such as serum bacteri-
cidal activity lysozyme, total protein, and C3 to pro-
vide protection during pathogen invasion (Wang et
al., 2016). Gopalakrishnan et al. (2016) stated that
moringa leaves extracts are used as potential anti-
oxidant, anticancer, anti-inflammatory, antidiabetic,
and antimicrobial agents. These antibacterial activi-
ties include 4(4'-O-acetyl--L-rhamnopyranosyloxy)
benzyl isothiocyanate, 4-(-L-rhamnopyranosyloxy)
benzyl isothiocyanate, niazimicin, pterygospermin,
benzyl isothiocyanate, and 4-(-L-rhamnopyranosyloxy
benzyl glucosinolate (Fahey, 2005). Additionally,
moringa has been widely reported to contain con-
stituents such as nitrile, glycosides, and quercetin
(Kaleeswaran et al., 2011), which are responsible for
immunity-enhancing against microbial diseases.
Hammed et al. (2015) also reported that potent anti-
oxidants in moringa leaves can be associated with
increased production of antibodies that aid in the
survival and regeneration of fish during times of
stress. Following the same trend, survival rates and
RPS values of Mozambique tilapia (Mbokane & Moyo,
2018) and nile tilapia (El-Gawad et al., 2020) after chal-
lenge with A. hydrophila increased with increasing
moringa leaves dosage. Mortality reduction of fish
fed with moringa leaves after injection of A hydrophila
was consistent with previous studies of other herbs;
for example, nile tilapia fed with a diet containing
Morus alba Linn. (Mapanao et al., 2019), Labeo rohita
fed with a diet containing Achyranthes aspera
(Chakrabarti et al., 2012; Kumar et al., 2019), and
Ocimum sanctum Linn. (Das et al., 2015). Our results
indicated that moringa leaves could be used as an
essential ingredient in feed for fish species to en-
hance immunity against common fish pathogens.
These research findings reiterate that moringa
leaves are highly nutritious and contain antioxidants
and antimicrobial agents. An optimum supplementa-
tion of moringa leaves in fish feed can promote
growth, encourage the immune response and sup-
port better fish health. Moringa could be used as an
alternative fish feed ingredient. However, the in vivo
efficiency of this herb to enhance fish immunity and
reduce the effects of its contained toxins require fur-
ther investigation. Appropriate field trials are neces-
sary before a government authorizes moringa leaves
as an immunomodulator for aquaculture fish species.
CONCLUSION
This study successfuly investigated the effect of
moringa leaves on growth performance, hematology
and disease resistance of nile tilapia against Aeromonas
hydrophila. Moringa leaves could be used as a dietary
supplement at not more than 15% to support growth
performance and at up to 25% to control infection
caused by A. hydrophila in nile tilapia. Supplementa-
tion of moringa leaves can be used as an herbal
growth-promoting and heath improving agent in fish
feed based on the performance of nile tilapia. Field
studies on the efffectiveness of moringa leaves in
enhancing fish immunity and reducing the effects of































Figure 1. Mortality rate of nile tilapia fed artificial feeds incorporated with
moringa leaves and challenge with Aeromonas hydrophila.
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